fid and co, both with significantly delayed flowering, are characterized as-late-flowering mutations in Arabidopsis thaliana. Double mutants between fld-2 and co-3 were generated and the phenotypes characterized. Double mutants flower later than both single mutant parents, suggesting that there is an additive effect. In addition, the formation of flowers in double mutants was altered and showed a novel phenotype. Double mutant flowers contained a much longer stalk (pedicel). Sepals and petals were absent. Several leaf-like structures were produced in the position normally occupied by sepals and the organ numbers were reduced. The carpels were morphologically normal. The stamens produced were usually aborted in the early stage, thus, the flowers were sterile. The additive phenotype observed in double mutants provides evidence to support that these two genes, FLD and CO, are not only involved in rosette-to-inflorescence transition but also involved in the flower formation. This result also indicates that FLD and CO promote the reproductive program through two different pathways.
Before acquisition of the competence to produce any reproductive floral organs, plants must progress through many different developmental phases (Hackett 1985 , Poethig 1990 , Weigel and Nilsson 1995 . In Arabidopsis, the transition from vegetative rosette to reproductive development has been extensively studied over past few years. It is clear that this transition is controlled by environmental conditions as well as by endogenous factors (MartinezZapater et al. 1994 , McDaniel et al. 1992 , Bernier et al. 1993 . Late-flowering mutants in which the timing of the rosette-to-inflorescence transition is delayed have been characterized extensively and can be classified into groups according to their response to daylength or vernalization (Martinez-Zapater and Somerville 1990 , Koornneef et al. 1991 , 1998b , Coupland 1995 , Amasino 1996 , Levy and Dean 1998 . For example, constans (co) and gigantea (gi) To whom correspondence should be addressed.
are not influenced by changing daylength or vernalization treatment (Koornneef et al. 1991 , Araki and Komeda 1993 , Putterill et al. 1995 . This suggests that these genes may respond directly to environmental stimulation. Other lateflowering mutants still respond to environmental changes, indicating that their corresponding late-flowering genes are primarily involved in the maturation process in the plant itself. In addition to physiological studies, many genetic analyses of these late-flowering genes suggest that there are multiple pathways for regulating the vegetative-to-reproductive transition (Koornneef et al. 1991 , 1998a , b, Haung and Yang 1998 .
In addition to the involvement of these mutations in the rosette-to-inflorescence transition, recent genetic and molecular analyses indicate that late-flowering mutants such as fve, co, fwa, ft, fid and fca also affect the inflorescence-to-flower transition (Martinez-Zapater et al. 1995 , Putterill et al. 1995 , Simon et al. 1996 , Ruiz-Garcia et al. 1997 , Nilsson et al. 1998 , Chou and Yang 1998 , Page et al. 1999 ). This suggests that many late-flowering genes play multiple roles in the regulation of different developmental phase transitions in Arabidopsis.
To explore further evidence for the association of the late-flowering genes in inflorescence and flower development, we further analyzed the interaction between two late-flowering mutants, fld-2 and co-3. Both fld-2 and co-3 mutations cause a typical late-flowering mutant phenotype by delaying the time of bolting and increasing the number of leaves produced. They represent a relatively strong mutant allele for fid and co mutations respectively (Chou and Yang 1998, Koornneef et al. 1991) . However, the lateflowering phenotype is much more severe in fld-2 than in co-3 (Table 1) . Different from co-3, fld-2 still responds to vernalization and gibberellin treatment indicating that FLD is in the autonomous pathway for floral induction (Chou and Yang 1998) . In addition to the delay of the onset of flowering, the fld-2 mutation also affects inflorescence development by producing inflorescent shoots which contain many axillary rosette leaves (Chou and Yang 1998) . To construct the fld-2 co-3 double mutants, homozygous fld-2 plants were crossed with co-3 homozygous plants. Fi plants heterozygous for both mutations were self-pollinated and used to generate F 2 plants. Double mutants can be scored as in any novel mutant phenotypes at one in sixteen among the F 2 progeny. Wild-type and mutant seedlings were germinated on 1/2 MS medium (Murashige and Skoog 1962) and grown in growth chambers for 10 d before being transplanted into soil and grown in greenhouses. The growth chambers and greenhouses were maintained at 22°C with 16 h of light for long-day conditions. fld-2 co-3 double mutants showed an extremely lateflowering phenotype when grown under long day conditions (Table 1 and Fig. 1A) . The average bolting time among double mutants (92.5 d) was longer than that observed in both fld-2 (76.4 d) and co-3 (30.2 d) single mutants. Despite the production of many rosette leaves, the morphology of these rosette leaves in the fld-2 co-3 double mutant were apparently normal and very similar to those in both late-flowering mutant parents during rosette development (Fig. 1A) . Similar to those observed in fld-2 single mutants, fld-2 co-3 double mutants also produced axillary or airborne rosette leaves on the inflorescence (Fig. 1A) . The longer bolting time in the double mutant as compared to both single mutant parents suggests that there is an additive effect.
The flowers were formed in the double mutant very late in inflorescence development. However, unlike the wild-type flowers which consist of four sepals, four petals, six stamens, and two fused carpels (Fig. IB) , double mutants showed an interesting novel phenotype (Fig. 1C to 1G, and Table 1 ). Five to ten clustered flower buds, that were first visible on the apex during early floral development (Fig. 1C, D) . Later on, after the inflorescence began to elongate, the oldest buds on the main axis opened and became separated from the young buds (Fig. 1C, D) . Unlike the wild type, these double mutant flowers usually contained a much longer stalk (pedicel) as shown in Fig. IE . In double mutant flowers, sepals and petals were absent, several leaf-like structures with well developed stellate trichomes were produced in the position normally occupied by sepals, and the organ numbers were usually reduced (Fig. IF, G) . Although the carpels produced in the center of these abnormal flowers were morphologically normal (Fig. IF, G) , the few stamens produced usually aborted in the early stage (Fig. IF, G) ; thus, the flowers were sterile. The additive phenotype, in bolting time and flower structure, observed in fld-2 co-3 double mutants suggests a similar effect for these two genes in promoting the reproductive program through two different pathways.
Since CO has been shown to play a role in the activation of the LEAFY gene (Simon et al. 1996 , Nilsson et al. 1998 , both leafy and apl mutant phenotypes are greatly enhanced by fld-2 (Chou and Yang 1998) , CO and FLD genes should be involved in the inflorescence-to-flower transition by regulating the genes controlling floral initiation. This idea is strongly supported by the production of novel flower structures in fld-2 co-3 double mutants. Since bolh fld-2 and co-3 single mutants produce normal flowers, the expression of either the FLD or CO gene is therefore sufficient to activate the genes controlling flower meristem identity. Impairment of both FLD and CO genes causes the production of an abnormal leaf-like flower structure similar to that observed in the mutants defective in the flower meristem identity genes such as API or AP2 (Schultz and Haughn 1993 , Bowman et al. 1993 , Gustafson-Brown et al. 1994 . This may indicate that in the absence of both FLD and CO, the level of API and AP2 is severely altered and not sufficient to produce their organ identity function. Therefore, the function of FLD and CO genes should play a role in normal floral initiation. This result provides further evidence to support the notion that two floral induction pathways function in parallel to promote floral formation. Similar to the result reported for FWA and FCA (Ruiz-Garcia et al. 1997 , Page et al. 1999 , this result also suggests the possibility that FLD or CO may function directly in flower meristem specification, as do LFY and API.
In this study, double mutants generated between fld-2 and other late-flowering mutants, such as ld-1 and fca-1, were also analyzed. Unlike fld-2 co-3 double mutants, fld
